JP,2003-109798,A [CLAIMS] 



Page 2 of 4 




since — the shape of said straight line — the die length La of a conductor (m) — 0.5(l/alpha) <La<10 (1/alpha) 
The discharge device characterized [ third ] by carrying out. 

[Claim 3] the shape of said straight line — the discharge device according to claim 1 or 2 characterized by 
setting the diameter of a conductor to 10mm or less. 

[Claim 4] the shape of said straight line — the discharge device according to claim 3 characterized by setting the 
diameter of a conductor to 1mm or more. 

[Claim 5] the shape of said straight line — the discharge device according to claim 1 or 2 characterized by 
changing the diameter of a conductor in the die-length direction. 

[Claim 6] the shape of said straight line — the discharge device according to claim 5 characterized by setting a 
part of diameter [ at least ] of a conductor to 10mm or less. 

[Claim 7] the shape of said straight line — a discharge device given in any 1 term of claims 1-6 characterized by 
covering surface a part or the surface whole of a conductor with a dielectric. 

[Claim 8] the thickness of said dielectric — the shape of said straight line — the discharge device according to 
claim 7 characterized by making it change in the die-length direction of a conductor. 

[Claim 9] The discharge device according to claim 8 characterized by making the cross-section configuration 
into the shape of a taper in the edge of said dielectric. 

[Claim 10] said dielectric — the shape of a straight line — a discharge device [claim 11] given in any 1 term of 
claims 7-9 characterized by covering in the shape of a screw type along with the longitudinal direction of a 
conductor A discharge device given in any 1 term of claims 1-10 characterized by processing it into the base 
which has arranged the base, respectively on the second [ which faces across said first flat surface where said 
array antennas have been arranged ], and third flat surfaces, and has been arranged by said discharge plasma on 
the second and third flat surfaces at coincidence. 

[Claim 12] The discharge device according to claim 1 1 characterized by arranging said two or more array 
antennas in one vacuum chamber [claim 13] The lot of the edge which adjoins each other among edges is 
combined electrically, the shape of first [ with two equal die length ], and second straight line — a conductor ~ 
parallel — arranging — the shape of said first and second straight line — a conductor — the shape of first straight 
line — the end of the side with which a conductor is not combined — a touch-down edge — carrying out — the 
shape of second straight line — the antenna element which used the end of the side with which a conductor is 
not combined as the electric power supply edge which can apply alternating current power two or more the 
shape of a straight line of each antenna element — so that a conductor may become parallel and a touch-down 
edge and an electric power supply edge may serve as alternation In the plasma treatment approach which 
arranges at equal intervals on the first [ in a vacuum ] flat surface, constitutes array antennas, supplies 
alternating current power to these array antennas, and forms the discharge plasma into a vacuum That of a 
power electric supply edge changes 180 degrees of phases at a time in direct order, and supplies electric power 
in the alternating current power of the same frequency all at once, this frequency is set to 1 0MHz - 2GHz, and 
0. 1 or less are the ratio of the reflected wave to the progressive wave measured at an electric power supply edge 
— as — the shape of a straight line — the plasma treatment approach characterized by using the array antennas 
which defined the die length of a conductor. 

[Claim 14] The lot of the edge which adjoins each other among edges is combined electrically, the shape of first 
[ with two equal die length ], and second straight line — a conductor — parallel — arranging — the shape of said 
first and second straight line — a conductor — the shape of first straight line — the end of the side with which a 
conductor is not combined — a touch-down edge — carrying out — the shape of second straight line — the 
antenna element which used the end of the side with which a conductor is not combined as the electric power 
supply edge which can apply alternating current power two or more the shape of a straight line of each antenna 
element — so that a conductor may become parallel and a touch-down edge and an electric power supply edge 
may serve as alternation In the plasma treatment approach which arranges at equal intervals on the first [ in a 
vacuum ] flat surface, constitutes array antennas, supplies alternating current power to these array antennas, and 
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forms the discharge plasi^ftto a vacuum That of a power electric su^j^ edge should change 1 80 degrees of 
phases at a time in direct order, should supply electric power in the alternating current power of the same 
frequency all at once, should set this frequency f (Hz) to 10MHz - 400MHz, and should use a frequency f and 

1.61x10" 



-.-« — '- 



said discharge pressure p (Pa) for dielectric constant kappap of the plasma. 



l-y! 54| ^jxio 7 



Skin depth [ of the electromagnetic field which come out, express and invade into the plasma further ] delta (m) 

S = -2J0/ x 10"* *n[^Ic7] 

The attenuation coefficient alpha which comes out, and is calculated when expressed (1/m) 
6.28/ 



a = -Im 
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alike — more — the shape of said straight line — the die length La of a conductor (m) — 0.5(1 /alpha) <La<10 
(1/alpha) 

The plasma treatment approach characterized by using the array antennas carried out. 

[Claim 15] The lot of the edge which adjoins each other among edges is combined electrically, the shape of first 
[ with two equal die length ], and second straight line — a conductor — parallel — arranging — the shape of said 
first and second straight line — a conductor — the shape of first straight line ~ the end of the side with which a 
conductor is not combined — a touch-down edge ~ carrying out — the shape of second straight line ~ the 
antenna element which used the end of the side with which a conductor is not combined as the electric power 
supply edge which can apply alternating current power two or more the shape of a straight line of each antenna 
element — so that a conductor may become parallel and a touch-down edge and an electric power supply edge 
may serve as alternation By the plasma-CVD method for using the discharge plasma which arranges at equal 
intervals on the first [ in a vacuum ] flat surface, constitutes array antennas, supplies alternating current power 
to these array antennas, and occurs in a vacuum In the solar battery which formed the thin film containing 
silicon and used this thin film as a semi-conductor layer So that that of a power electric supply edge may change 
1 80 degrees of phases at a time in direct order, may supply electric power in the alternating current power of the 
same frequency all at once, and may set this frequency to 10MHz - 2GHz and the ratio of the reflected wave to 
the progressive wave measured at an electric power supply edge may become 0. 1 or less the shape of a straight 
line — the solar battery characterized by defining the die length of a conductor. 

[Claim 16] The lot of the edge which adjoins each other among edges is combined electrically, the shape of first 

[ with two equal die length ], and second straight line — a conductor — parallel ~ arranging — the shape of said 

first and second straight line — a conductor — the shape of first straight line — the end of the side with which a 

conductor is not combined — a touch-down edge — carrying out — the shape of second straight line — the 

antenna element which used the end of the side with which a conductor is not combined as the electric power 

supply edge which can apply alternating current power two or more the shape of a straight line of each antenna 

element — so that a conductor may become parallel and a touch-down edge and an electric power supply edge 

may serve as alternation By the plasma-CVD method for using the discharge plasma which arranges at equal 

intervals on the first [ in a vacuum ] flat surface, constitutes array antennas, supplies alternating current power 

to these array antennas, and occurs in a vacuum In the solar battery which formed the thin film containing 

silicon and used this thin film as a semi-conductor layer That of a power electric supply edge should change 180 

degrees of phases at a time in direct order, should supply electric power in the alternating current power of the 

same frequency all at once, should set this frequency f (Hz) to 10MHz - 400MHz, and should use said 

1.61 xlO 17 

Kp=1 fi 

l-yl.54|^]xl0 7 

frequency and discharge pressure p (Pa) for dielectric constant kappap of the plasma. v/ ) 
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Skin depth [ of the electromagnetic field which come out, express and invade into the plasma further ] delta (m) 

^ = -210/xlO" 1 fai[ > /^7] 

The attenuation coefficient alpha which comes out, and is calculated when expressed (1/m) 



alike » more — the shape of said straight line — the die length La of a conductor (m) — 0.5(l/alpha) <La<10 
(1/alpha) 

The solar battery characterized by carrying out. 



[Translation done.] 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a discharge device, the plasma treatment approach, and a solar 
battery, and relates to the solar battery manufactured for the discharge device made to generate the discharge 
plasma which was excellent in homogeneity especially using array antennas, the plasma treatment approach 
excellent in productivity and homogeneity, and the outstanding productivity. 
[0002] 

[Description of the Prior Art] Although a solar battery attracts attention as a clean energy source and it is 
expected, in order to aim at the spread, a cost cut is indispensable, therefore a thin film deposition system which 
can form the silicon system thin film of homogeneous membrane thickness in a large area substrate by the high 
throughput for high quality is desired. Moreover, there is a demand in various fields about large area 
homogeneity processing besides a solar battery. For example, in manufacture of the thin film transistor for 
driving a liquid crystal display, large area-ization of a substrate progresses and it is expected these days that the 
production line which used a glass substrate with which die length of one side exceeds 1m soon works formally. 
In this production process, full use of a plasma-CVD method or the dry etching method is made. Moreover, 
considering the height of the interest about the latest environmental problem, the removal process of a 
photoresist is also conjectured that dry-ization by plasma ashing (ashing) is needed sooner or later. 
[0003] At a plasma treatment process like a plasma-CVD method, the dry etching method, and the plasma 
ashing method, the plasma treatment equipment of an parallel monotonous mold (capacity-coupling mold) is 
put in practical use. In this type of discharge device, a processed substrate is put on either on the earth electrode 
which counters the electrode top which impresses a RF, or this according to an application. The big direct- 
current potential difference called self-bias near an RF electrode front face occurs, and such an operation does 
not take place to one earth electrode side to bringing the ion bombardment of high energy to the substrate 
placed on the RF electrode. Consequently, the substrate placed on the RF electrode and the substrate placed on 
the earth electrode will receive the operation which changes with plasma. Therefore, equivalent processing 
cannot be performed to the substrate on two electrodes. 

[0004] Thus, with the plasma treatment equipment of an parallel monotonous mold, only the whole surface can 
carry out plasma treatment to one electrode plate, for this reason, in processing simultaneously to the second 
page in the same membrane formation interior of a room, it comes out at most to install two RF electrodes in 
the processing interior of a room, to form two discharge fields, and to perform second page processing. 
Although there is also an idea which is made to increase the number of discharge fields and is made into many 
fields, actually, the trouble accompanying adoption of an parallel monotonous mold electrode becomes a cause, 
and implementation is very difficult for the complexity of structure, the badness of maintainability, etc. 
Furthermore, in relation to this, the parallel monotonous mold discharge device has another fault. For example, 
when forming membranes on a glass substrate by the plasma-CVD method, the ingredient gas introduced in the 
vacuum chamber is decomposed by the electron in the plasma, and a thin film is formed not only a glass 
substrate top but on an RF electrode. That is, among the introduced ingredient gas, on a substrate, it is 
consumed for the thin film formation on an electrode of the gas of an amount almost equal to the capacity used 
for membrane formation, and becomes useless. Furthermore, in order for the thin film on this electrode to 
exfoliate and to pollute space, it is necessary to remove it periodically. 

[0005] Moreover, the homogeneity of the discharge plasma formed with enlargement of a substrate falls 
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i^^Loblem that a desired property is no lon^Jic 



remarkably, and there isaproblem that a desired property is no longlracquired. In order to perform 
homogeneous high plasma treatment to a processed substrate, the plasma of a homogeneity consistency needed 
to be formed in the whole substrate front face, for this reason various examination has usually been made. 
However, by the parallel monotonous mold electrode method, if an electrode is enlarged with enlargement of a 
substrate, plasma formation of a homogeneity consistency is not easy and the problem on the following 
principles is mentioned as the reason. Namely, if an electrode becomes large, a standing wave may occur on 
that front face, and for this reason, the plasma may be unevenly distributed. This becomes much more 
remarkable, when using the higher frequency of a VHF band etc. As for the magnitude of a substrate, in the 
case of the 80MHz RF, from such a reason, 0.3mx(es)0.3m is called limitation, for example (U.Kroll et al. and 
Mat.Res.Soc.Symp.Proc.vol 557 (1999)pl21-126). Furthermore, in order to form the plasma of a homogeneity 
consistency, it is necessary to maintain inter-electrode distance with a sufficient precision, and to arrange it over 
the whole substrate, in an parallel monotonous mold electrode, and this will become very difficult if a substrate 
' is enlarged. 

[0006] Then, the plasma-CVD method of an inductive-coupling mold problems, such as inter-electrode range 
accuracy of the above-mentioned capacity-coupling mold proper, do not arise completely unlike a capacity- 
coupling mold, and a plasma maintenance mechanism can moreover generate a high plasma consistency using 
the RF of a VHF band advantageous to high-speed membrane formation of the high quality film is proposed. 
Specifically, the plasma-CVD equipment of an inductive-coupling mold electrode method using electrodes, 
such as an electrode (the patent No. 2785442 official report) which bent the electrode (JP ,4-236781, A) and the 
conductive wire rod of a ladder configuration to zigzag many times, is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention persons examined various dielectric joint mold 
electrodes including the electrode of the above-mentioned structure. For example, when the inductive-coupling 
mold electrode bent to a ladder configuration or zigzag became large corresponding to enlargement of a 
substrate, it was confirmed that a current cannot become uniform easily and a standing wave occurs partially in 
the location which cannot be expected. As a conclusion, by the conventional inductive-coupling mold electrode 
method, it was difficult to make a plasma consistency into homogeneity, and it turned out that corresponding to 
a large area substrate is difficult. 

[0008] Then, this invention persons performed fundamental examination of plasma equalization about the 
inductive-coupling mold electrode, and developed the antenna structure which used conversely the standing 
wave which became a problem in the above-mentioned conventional dielectric joint mold electrode. This 
antenna prepares the electric supply section in the end of for example, a U character mold antenna, makes it the 
structure of grounding the other end, and is considered as the configuration which makes a standing wave 
located on the location where distance with the section was determined on the electrode as the touch-down 
section and the electric supply section as 1/2 of the excitation wavelength of a RF by return (PCT/JP 00/06189). 
Furthermore, it became possible by using the antenna of this structure as a component of array antennas to 
generate the discharge plasma more uniform to a large area. 

[0009] However, to the last, this membrane formation approach uses that a standing wave occurs on an antenna, 
and the ununiformity of the plasma consistency by existence of a standing wave generates it in the direction met 
to some extent at the antenna. This ununiformity can be eased by some approaches. For example, homogeneity 
improves by supplying intermittently the power which drives an antenna (the collection of the 61st autumn 
Japan Society of Applied Physics drafts VHF-PECVD using a p.841 (September, 2000) "new style electrode 
large area film production" of a-Si:H by law). However, by these approaches, heterogeneity under the effect of 
a standing wave was not able to be abolished completely. Moreover, since the standing wave was used, it was 
not avoided that plasma density distribution is greatly influenced by change of the geometric die length of an 
antenna or an exciting frequency. 

[0010] This invention offers the new antenna structure and the electric power supply approach for vanishing 
generating of a standing wave substantially in view of this situation, and aims at realizing the plasma treatment 
approach of of the high discharge device and large area substrate of plasma homogeneity, and a solar battery 
with high productivity. 
[0011] 

[Means for Solving the Problem] That the above-mentioned purpose should be attained, this invention person 
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found out that special efWctiveness discovered an antenna element nffbout the same poor antenna array as 
plurality, while examining various the electric supply approach of high-frequency power, electrode structures, 
membrane formation conditions, etc. This invention advances examination of thickness equalization further 
based on this knowledge, and is completed. 

[0012] The discharge device of this invention has the following gestalten. the shape of first [ with two equal die 
length ], and second straight line — a conductor arranges in parallel — having — the shape of said first and 
second straight line — a conductor — the edge of each lot which adjoins each other mutually among edges is 
combined mutually electrically. Thereby, the antenna element of a U character configuration is constituted, the 
first shape of a straight line of this antenna element — the end of the side with which a conductor is not 
combined — a touch-down edge — becoming — the shape of second straight line — the end of the side with 
which a conductor is not combined turns into an electric power supply edge. Alternating current power can be 
applied now to this electric power supply edge, this antenna element — two or more — the shape of a straight 
line of each antenna element — it arranges so that a conductor may become parallel, and a touch-down edge and 
an electric power supply edge may be arranged by turns, and each antenna element may come at equal intervals 
on the flat surface in a vacuum. This antenna element group by which two or more arrangement was carried out 
functions as array antennas, and makes the discharge plasma form into a vacuum. Electric power is supplied to 
array antennas with such a geometric gestalt in the alternating current power of the same frequency all at once. 
An exciting frequency is 10MHz - 2GHz. 

[0013] Adoption of such a gestalt and the excitation approach generates a standing wave on an antenna element, 
as mentioned above. This is for the electromagnetic wave which departed from the electric power supply edge 
to progress as a progressive wave along with an antenna, and to reflect in a touch-down edge, to become a 
reflected wave, and for a standing wave to arise by interference with a progressive wave and a reflected wave. 
Reducing the effect of the plasma homogeneity on this standing wave is the 1 st technical problem which this 
invention should solve. Moreover, when two or more antenna elements were driven, the complicated interaction 
between antenna elements occurred, and there was a case where electromagnetic field became out of control by 
this. This is the 2nd technical problem which this invention should solve. 

[0014] First, in order to solve this 2nd technical problem, this invention person reached the way of thinking that 
what is necessary was just to use ** of superposition. This is explained below, drawing 5 is in phase in the 
phase in the electric power supply edge of the adjoining antenna element — the current which flows to the array 
antennas at the time of considering as (a) and an opposite phase (b) is shown typically, an antenna element 2 — 
the shape of two straight lines — the track (#1 , #2, or #3 and #4) of a conductor is connected, and the end of the 
electric power supply edge 9 and the other end is the touch-down edge 10. In drawing, the sense of an arrow 
head shows the phase of a current, and it is it at the observation time, and the current shall flow in the direction 
of an arrow head, and it considers a upward arrow head as plus for convenience. The magnitude of an arrow 
head shows the magnitude of a current, at the observation time, is a current supply source side (the shape of a 
straight line of an odd number a conductor section), and explains it as that to which the big current is flowing. 
[0015] In the case ( drawing 5 (a)) of in phase electric supply, track **2 are inserted into the big current of track 
#1 and track #3. the two shape of therefore, a straight line which the electric field of the track #2 neighborhood 
adjoin — a conductor — to be influenced greatly is considered by the current which flows a top. Next, in 
opposite phase electric supply ( drawing 5 (b)), track #2 are inserted into the big minus current of track #1 , and 
the big plus current of track #3. the shape of a straight line of the antenna with which the electric field of the 
track #2 neighborhood adjoin each other since according to ** of superposition this effectiveness will be 
negated if magnitude is the same and the effectiveness of the reverse sense exists in coincidence — a conductor - 
- it is thought that it is hard that it comes to win popularity the effect of a current which flows a top. In addition, 
although the current distribution configuration on an antenna element was assumed for convenience and 
explained, the above will bring same result, no matter it may be what current distribution, if the equivalent 
antenna element is arranged electrically, therefore, the effect of the current of not only the component that 
adjoins each other by reversing the phase between adjacent components when the antenna element of the same 
configuration is arranged but a return trip (or outward trip) — substantial — it can ignore — coming — the shape 
of a straight line — it is thought that the current which flows a conductor carries out the same behavior as the 
current on a single track. That is, by supplying the power of an opposite phase between the adjoining antenna 
elements, the interaction between antenna elements can be disregarded in practice, and the 2nd technical 
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problem can be solved. 

[0016] Next, to conquest of the 1st technical problem, the hint was in the field of the electric-wave transmission 
engineering which is a technical field different from this invention. That is, it is application of the concept of a 
loaded antenna. The feeding point of a loaded antenna of an antenna is the antenna for a communication link 
with which the opposite side was grounded through the load of a suitable impedance. Reflection will not take 
place in a large frequency range by consuming with a load the electromagnetic energy spread along with the 
antenna by making it such a configuration. When examination which applies the concept of this loaded antenna 
to the antenna of plasma treatment equipment was performed, even if it did not attach the load as a circuit 
element specially, by the system which this invention persons examined, it turned out that the same 
effectiveness is acquired. This is considered for the plasma itself which surrounds an antenna playing the role of 
the load as a distributed constant circuit. 

[0017] It is as follows when the above is summarized, the shape of a straight line which constitutes array 
antennas if it changes 180 degrees of phases of the supply voltage to array antennas at a time — a conductor — 
the section can be regarded now like the guide of the radio wave propagation only whose one exists in the 
plasma, and can reduce aggravation of the plasma density distribution resulting from the interaction between 
antenna elements. In addition, the interaction of an electromagnetic wave and the plasma can be large enough, 
generating of a standing wave can be suppressed by making the condition that most electromagnetic energy is 
absorbed in the plasma, and the heterogeneity of a plasma consistency can be reduced along with a conductor. 
Consequently, it becomes possible to form the more uniform plasma over the whole array antennas. In addition, 
the magnitude of a standing wave can be predicted by measuring the progressive wave and reflected wave in an 
electric power supply edge of an antenna. If the interaction of an electromagnetic wave and the plasma is 
sufficiently large, since power will be absorbed by the plasma, it can observe as reduction in a reflected wave in 
phenomenon. Therefore, when the geometric die length of an antenna was long enough, or when a discharge 
pressure was high enough, transfer of energy tends to have taken place and the ratio to the incidence power of 
reflective power became 10% or less although observed as such a big interaction, it turned out that distribution 
of a standing wave form is no longer looked at by the plasma consistency, and thickness homogeneity improves. 
That is, it turned out that what is necessary is just to determine the geometric die length of an antenna with the 
magnitude of a reflected wave according to PURAZUMAPATA meter etc. 

[0018] in order that the above may acquire the uniform plasma — the shape of a straight line — although how the 
ratio of the reflected wave to a progressive wave determines the die length (antenna length) La of a conductor 
has been described, the suitable antenna length La can be defined from the attenuation coefficient alpha of an 
electromagnetic wave. That is, also by being referred to as 0.5(l/alpha) <La<10 (1/alpha), a standing wave can 
be vanished substantially and plasma homogeneity can be raised. This is explained below. 
[0019] As shown in drawing 6 , a sheath 61 and the plasma 63 exist in the perimeter of an antenna 60. Since the 
plasma 63 exists to the location considerably distant from the antenna 60, when considering the behavior of the 
electromagnetic wave which spreads an antenna top, it is in sight that it is likely to be necessary to think over 
the whole plasma or the all field in a vacuum chamber which is performing discharge. However, except for the 
case where a plasma consistency is very low, and the case where an exciting frequency is very high, an 
electromagnetic wave is in the condition that the inside of the plasma cannot be spread. Although this is 
generally called a cut off state, and electric field advance to some extent into the plasma when the frequency of 
an electromagnetic wave is below the plasma frequency fp ( =omegap/(2pi) ), an electromagnetic wave spreads 
[ stop / ************** ]to where. Therefore, the plasma of the field to some extent near an antenna should 
mainly influence the property of the propagation. 

[0020] Then, about this field, the imagination boundary 62 was defined and the radius d of this boundary 62 
was approximated by the so-called skin depth delta. When a plane wave electromagnetic wave carries out 
incidence of skin depth delta at right angles to the plasma by the cut off state In cold plasma approximation and 
linear approximation in case the distance which electric field decline in the plasma and increases 1/e time (e is 
the bottom of a natural logarithm) is shown and a collision cannot be disregarded (1) What is shown by the 
formula is known well (for example). Michael ALieberman and Allan J.Lichtenberg, "Principles of Plasma 
Discharge andMaterials Processing", John Wiley & Sons, and Inc. 1994 p390. 

»--(f)H^l 
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...(1) 

The complex relative permittivity of the plasma as which c is expressed and the velocity of light and kappap are 
expressed in (2) types here, and omega (=2pif) are angular frequency (exciting frequency to which f drives an 
antenna). 

(_ 

... (2) 

In addition, nu is a collision frequency and omegap (= 2pifp) is plasma angular frequency. Here, n is a plasma 
consistency (m-3), and is approximated by fp(Hz) =8.98 and n0.5. 

[0021] Thus, if the imagination boundary d (=delta) is defined, since the electromagnetic wave spread along 
with an antenna can be considered to be propagation on a coaxial track, it can ask for an attenuation coefficient 
alpha easily. Then, artificers considered using an attenuation coefficient alpha as a means for determining 
antenna length. The attenuation coefficient alpha in this case uses the inductance L per [ to the imagination 
boundary d ] unit length of an antenna, and the electrostatic capacity C per unit length of an antenna, 

. d 

LC = - 



a 



_L h £ + __ h £ 
s 0 a £ 0 tc p c 

- (3) r 

or = -Im[cyVZcj 

... (4) 

It can write. However, mu 0 is space permeability and epsilon 0 is the dielectric constant of vacuum. 
[0022] The attenuation coefficient which artificers are the range which does not lose practicality, and they 
prepared the suitable assumption so that it might become the form where it is easy to use (4) types of an 
attenuation coefficient alpha, and was drawn based on the assumption since the above (1) - (4) type had too 
many parameters for describing a phenomenon decided to investigate whether an experimental result is well 
explained in the large range. First, in consideration of the realistic antenna diameter, it could be a= 3mm. It was 
referred to as 4mm supposing the plasma parameter expected as thickness of a sheath, and could be c= 7mm. 
When it was many as long as the numeric value was a practical numeric value even if it applied another numeric 
value to these, it checked not having big effect on a conclusion. Moreover, it was assumed as a plasma 
consistency that it was 2x1015 (m-3). When it is not the so-called high density plasma, the plasma consistency 
used by plasma treatment does not become the range of 1x1015 (m-3) to 1x1016 (m-3) in many cases, and does 
not necessarily take the not much large numerical range. Next, the collision frequency nu uses discharge 

M d2^ = ^l*^ xl0 , 

A. __. 6.40x10 V 
pressure p (Pa) as one electron approximation, P 

... (5) 

It came out and expressed. (5) By the formula, in order to calculate mean free path lambdam, the collision 
cross-section of Ar was used. Although a collision cross-section changes with the classes and percentage of gas, 
the value which is extremely different except for the cases of being special, such as a molecule like a polymer 
with big molecular weight, is not necessarily taken. Moreover, although it assumed that electron temperature 
was 10,000K, it is extent which does not change not much a lot in low pressure discharge, and changes at most 
several times also about this. 

[0023] - (l f ) (4') type can be drawn for the above assumption by Lycium chinense. 
^ = -2JO/xl0 , Im[^~] 

... (1') 
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... (4') 

[0024] An attenuation coefficient alpha is calculated and the inverse number of the attenuation coefficient is 
taken. The unit of the inverse number of an attenuation coefficient is meter, and physically, if it comes to the 
location of 1 /alpha, the magnitude of the electromagnetic wave which left the electric power supply point of a 
coaxial-circles cylinder means decreasing 1/e time. Then, it is possible that it is appropriate as die length La of 
the bay of array antennas to give the value of a near [ the inverse number of an attenuation coefficient ]. That is, 
if not much shorter than the inverse number of an attenuation coefficient, in order that an electromagnetic wave 
may seldom decline even at the touch-down edge of an antenna element, a reflected wave occurs at a touch- 
down edge, and it is expected that a standing wave is formed. On the other hand, if a bay not much longer than 
the inverse number of an attenuation coefficient is given, it becomes impossible to cover an antenna overall 
length and to generate discharge, and the discharge plasma will be chiefly formed near an electric power supply 
point. Then, the 0.5 times and 10 times as many numeric value as this was calculated for the attempt as a 
discharge pressure dependency about the case where an exciting frequency is changed, to the inverse number of 
an attenuation coefficient. As a part of this count result, the relation between a pressure and La was shown in 
drawing 7 -9 about the case where exciting frequencies are 10MHz, 85MHz, and 400MHz. Behind, although the 
column of an example described, artificers checked that the optimum value of the die length of a bay existed in 
the field inserted into drawing 7 -9 with two curves shown, respectively. That is, it is die length La of a bay. 
Die-length La<10 of a 0.5(l/alpha) < bay (1/alpha) 
... (6) 

It resulted in the conclusion that what is necessary is just to select. In addition, since the plasma consistency was 
set with 2x1015 (m-3) in derivation of the formula so far, the frequency which will be in a cut off state 
theoretically is set to 400MHz. 

[0025] Although the bay die length La can be expected now only with two parameters, a discharge frequency 
and a discharge pressure, - (1 ? ) (4 1 ) type is a formula which gave priority to and searched for the convenience 
and practicality of use, as stated above, limits the use range to the purpose of a discharge device or plasma 
treatment, and is obtained so that an experimental result may be suited. 

[0026] As mentioned above, although two kinds of approaches were shown about the decision approach of the 
bay die length of an antenna, it is desirable to make the diameter of an antenna thinner than 10mm in any [ this ] 
case. Thus, even if the geometric die length of an antenna is the same by selecting the bay of a thin diameter, if 
it carries out that it is easy to make the plasma form covering the overall length, it can **. If it puts in another 
way, selection of a small diameter has the effectiveness which shortens electrical length of an antenna. This is 
guessed because the diameter of an antenna relates to the reinforcement of the interaction of an electromagnetic 
wave and the plasma. If for example, a bay diameter becomes large, the energy transfer (O. A.Popov and 
V.A.Godyak, J.Appl.Phys.57, 53(1985).) by the oscillating sheath will become large, and this is considered for 
the rate of capacitive association to increase as electrical coupling of an antenna and the plasma. Thus, although 
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selection of the diamet^^^ an antenna affects selection of antenna ti^^ie length, the extent is not large, and 
even if the optimal antenna bay die length makes an antenna diameter thin, there is within limits for which it 
still asks from (6) types. Thus, configuration stability will be lost if an antenna diameter is too thin, although the 
to some extent thinner one becomes advantageous from a viewpoint of large-area-izing. Considering 
manufacture or maintenance of an antenna, selection of thinness which causes plastic deformation simply 
during handling is not appropriate. Furthermore, when loss, generation of heat, etc. of power by the current 
which flows an antenna top are taken into consideration, in the diameter of a bay, selecting to 1mm or more is 
desirable. 

[0027] Although it said that the diameter of a bay is related to the radio wave propagation on an antenna, it is 
possible to use this positively. That is, the overall length of a bay might be covered and, in the case of the 
antenna element of the same diameter, the strength of the plasma consistency accompanying attenuation of an 
electromagnetic wave might occur. Moreover, also when a plasma consistency wants to rise only in the 
neighborhood on which the base which should be processed is put in addition to this, it is. Furthermore, it is 
also considered that an ununiformity arises to the plasma according to the specific design condition in a vacuum 
chamber. As an approach of coping with this, artificers found out that a plasma consistency was controllable, 
when change was given to the diameter along with the die length of a bay. In this case, it was found out by 
making the location where the size of a bay becomes thinner than 10mm that this effectiveness becomes more 
remarkable. 

[0028] Moreover, as mentioned above, the propagation constant of the electromagnetic wave spread along with 
an antenna is deterministically governed by the sheath and plasma of the perimeter of an antenna. Here, when a 
bay is covered with dielectrics, such as ceramics like an alumina, and plastics like Teflon (trademark), an 
electromagnetic wave will spread the space which consisted of the dielectrics, sheaths, and plasma of the 
perimeter of an antenna. By this, even if the geometric die length of a bay is the same, the uniform plasma can 
be formed in the larger range. Even if it set the diameter of a bay as 10mm or less, it was effective, and this 
effectiveness was effective also when change was given to the diameter of a bay. 

[0029] In addition, as for a dielectric, it is desirable to change thickness to an electrode longitudinal direction. In 
order to raise covering the polar zone near the electric supply section with a thick dielectric, and making other 
parts thin, in order to control the phenomenon which says that a plasma consistency becomes high under the 
effect of a non-decreased electromagnetic wave near the electric supply section especially, and the plasma 
consistency of a near [ a processed base ], it is desirable to make dielectric thickness of this neighborhood thin. 
Moreover, as for thickness, it is desirable to the longitudinal direction of a bay to make a gradual change. 
Thereby, a rapid characteristic-impedance change in a dielectric edge is suppressed, and it becomes possible to 
form the plasma of a homogeneity consistency more. Or along with the longitudinal direction of said electrode, 
an electrode may be covered in the shape of a screw type. Thereby, flattening of the plasma consistency in a 
dielectric edge is carried out, and the plasma consistency which met the electrode is equalized further. 
[0030] According to the array antennas of this invention, equivalent plasma treatment becomes possible on the 
base of the second page by placing the processed base of the second page, as the slab-like discharge plasma can 
be made to form so that the array antennas may be inserted and an antenna is inserted. Thereby, a throughput 
doubles and the use effectiveness of ingredient gas doubles. 

[003 1 ] Moreover, at the processor of the conventional parallel monotonous mold, a limitation prepares at most 
two discharge fields in a vacuum chamber. On the other hand, in this invention, since the structure of weight of 
array antennas is lightweight simply, decomposition and reassembling are easy. Moreover, since an electric 
power supply edge is located on a side face, it becomes easy to make two or more discharge fields in a vacuum 
chamber. Productivity improves by this. Productivity improves further by arranging the base of the second 
page, as an antenna is inserted into both sides of array antennas, and arranging two or more these combination 
in the same vacuum chamber. 

[0032] A conductor is arranged in parallel, the shape of first [ with two die length equal / the plasma treatment 
approach of this invention / on the other hand ], and second straight line — The lot of the edge which adjoins 
each other among edges is combined electrically, the shape of said first and second straight line ~ a conductor — 
the shape of first straight line — the end of the side with which a conductor is not combined — a touch-down 
edge — carrying out — the shape of second straight line — the antenna element which used the end of the side 
with which a conductor is not combined as the electric power supply edge which can apply alternating current 
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j ^^e of a straight line of each antenna elem^^^- 



power two or more the snipe of a straight line of each antenna elemel^- so that a conductor may become 
parallel and a touch-down edge and an electric power supply edge may serve as alternation In the plasma 
treatment approach which arranges at equal intervals on the first [ in a vacuum ] flat surface, constitutes array 
antennas, supplies alternating current power to these array antennas, and forms the discharge plasma into a 
vacuum That of a power electric supply edge changes 1 80 degrees of phases at a time in direct order, and 
supplies electric power in the power of the same frequency all at once, this frequency is set to 10MHz - 2GHz, 
and 0. 1 or less are the ratio of the reflected wave to the progressive wave measured at an electric power supply 
edge — as — the shape of a straight line — it is characterized by using the array antennas which defined the die 
length of a conductor. 

[0033] Or that of a power electric supply edge should carry out sequential change of every 180 degrees of the 
phases, and supply electric power in the power of the same frequency all at once, set this frequency f (Hz) to 
10MHz - 400MHz, and use said frequency and discharge pressure p (Pa) for direct order for dielectric constant 

1.61x10" 



kappap of the plasma. 



l-yl.54^jx!0 7 



Skin depth [ of the electromagnetic field which come out, express and invade into the plasma further ] delta (m) 
6 = -210 f x 10"» fcn[V*7] 



The attenuation coefficient alpha which comes out, and is calculated when expressed (1/m) 
a = -Im 6.28/ 



1.26x10"* h 



1 



9.57x10^ + h*^J^J_) 



alike — more — the shape of said straight line — the die length La of a conductor (m) — 0.5(l/alpha) <La<10 
(1/alpha) 

It is characterized by using the array antennas carried out. 

[0034] On the other hand, the solar battery of this invention is characterized by forming the thin film containing 
silicon and using this thin film as a semi-conductor layer by the plasma-CVD method of above-mentioned this 
invention. 

[0035] In addition, in this invention, a base is the semantics also containing the thing of the shape of a film 
besides the so-called substrates, such as insulating materials, such as glass, a semi-conductor, and a metal, or a 
wafer (what the shape of a roll rolled is included), and the letter of a block. Furthermore, the discharge device of 
this invention is used for the substrate processing described above, and also it can be used for decomposition 
and composition of a raw material like offgas treatment or the polymerization of the organic substance. 
[0036] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to drawing 
below. Drawing 1 is the typical sectional view showing the example of 1 configuration of the array antennas 
used for the discharge device of this invention. As shown in drawing, to the vacuum chamber 1 which has a gas 
inlet 5 and an exhaust port 6, two or more antenna elements 2 bent by the U character mold counter, are 
arranged at a substrate 1 1 , and connect the electric power supply edge 9 of each end to RF generator 7 through a 
coaxial cable 8, and a discharge device connects the touch-down edge 10 of the other end at the wall of a 
vacuum chamber 1 , and grounds it. Here, it is determined more that the die length between the sections 4 (the 
shape of namely, a straight line the die length La of a conductor) makes the ratio to the progressive wave of the 
reflected wave in an electric power supply edge 0. 1 or less by return with the electric power supply edge 9 and 
the touch-down section 10, or (6) types are materialized. Moreover, the antenna front face is covered with a 
dielectric 3 like Teflon (trademark). 

[0037] an antenna element 2 — lines, such as SUS and aluminum, — although the thing of the configuration 
which bent the conductor in the U character mold is used suitably, the thing of a rectangle like the character 
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type of "KO" may be u^^for example, moreover, the thing formec^^ne — it is not necessary to be — the 
shape of for example, two straight lines — you may be the structure which connected and fixed the conductor 
with the metal plate etc. the shape of in addition, a straight line — a conductor is the thing of the same quality of 
the material, and it is not necessary to necessarily constitute it, and it may connect the thing of the different 
quality of the material. 

[0038] a dielectric 3 — the shape of a straight line — a conductor — although you may form so that the whole 
surface may be covered — a conductor — you may cover surface [ a part of ]. In any case, thickness 
homogeneity can be raised and a dielectric formation location, its configuration, etc. are defined according to 
the pattern of plasma density distribution (or thickness distribution). For example, as shown in drawing 2 (a), 
you may form only in the bay of electric power supply one end. Thereby, increase of the plasma consistency by 
the side of the electric supply section is suppressed, and a plasma consistency is equalized as the whole antenna. 
Furthermore, it becomes possible to raise homogeneity more along with an antenna longitudinal direction by 
limiting to the location where a plasma consistency tends to become high, and preparing dielectric covering in 
some antennas. Here, depending on the thickness of the dielectric to cover, a plasma consistency may increase 
at the dielectric edge. In this case, as shown in drawing 2 (b), it is desirable to consider as the configuration 
which makes the cross section in a dielectric edge a taper configuration, and makes thickness of a dielectric thin 
gradually toward a dielectric edge. Thereby, the appearance of the plasma consistency peak in the part 
corresponding to a dielectric edge is suppressed. Or as shown in drawing 2 (c), along with an antenna 
longitudinal direction, a dielectric may be covered to a screw type and the plasma consistency in a dielectric 
edge is equalized also by this approach. In addition, although the thickness and the dielectric constant (quality 
of the material) of a dielectric are suitably chosen according to the plasma density distribution which it is going 
to improve, in the case of Teflon (trademark), about 0.1mm or more is used suitably, for example. If a dielectric 
is stable to the plasma and heat, although the thing of the quality of the material like a throat is sufficient as an 
organic system ingredient like Teflon (trademark), an alumina, an inorganic system ingredient like a quartz, 
etc., the big ingredient of RF loss is not desirable. 

[0039] In addition, what is necessary is just to add a coaxial cable equivalent to the die length for the half-wave 
length to an electric power supply edge alternately [ of two or more antenna elements ] as an approach of 
supplying the RF of an opposite phase to two or more antenna elements by turns. Moreover, a phase shifter may 
be formed in an RF generator and the RF shifted half wave length may be supplied alternately. 
[0040] Moreover, as shown in drawing 3 , as for the discharge device of this invention, it is desirable to 
consider as the structure which opened further predetermined spacing and has arranged the array antennas 
which arranged two or more antenna elements 2 to processed base width of face to two or more layers, and to 
consider as the multi-field configuration which has arranged the processed base 1 1 on both sides of each class. 
By considering as such a configuration, it becomes possible to perform plasma treatment to coincidence on 
many bases (the example of drawing six sheets), and a throughput can be raised sharply. And since array 
antennas and distance between bases are short made with about 30-60mm, the discharge device which was 
excellent in the throughput ratio to equipment installation area is realizable. 
[0041] 

[Example] Next, an example is given and this invention is explained more concretely. The following 
experiments were conducted on drawing 1 using the plasma treatment equipment of a configuration of that an 
outline is shown. The die length of the bay at this time was made into three kinds, 0.5m, 1 .0m, and 1 .6m, and 
density distribution of the plasma by the measurement and viewing of reflective power in the exciting frequency 
of 50MHz and the discharge pressure of lOPa was observed. Consequently, discharge was not able to be made 
to occur in 0.5m. In 1 .0m, although the discharge plasma occurred, reflection was over 10% to the progressive 
wave greatly. When the plasma at this time was observed, the consistency became deep near the bay center, and 
the phenomenon in which a consistency became thin was seen as it went to the edge. On the other hand, with a 
1 .6m antenna, reflective power became very small and the shade of the plasma was hardly able to be observed. 
Next, the discharge pressure was set to 20Pa and same observation was performed. Consequently, although 
discharge generated even the 0.5m antenna, the reflected wave was over 10% greatly. The plasma consistency 
of the bond part (neighborhood bent to U characters) of an antenna became high, and, as for the plasma density 
distribution at this time, the phenomenon in which the luminescence reinforcement from the plasma fell was 
seen toward the electric power supply edge and the touch-down edge. By this pressure (20Pa), about the 
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antenna (1.0 and 1 .6m),^^^ctive power was also small and the hor^^^neity of a plasma consistency was also 
good. 

[0042] As mentioned above, by selecting the bay of the antenna more than suitable die length showed that a 
reflected wave could be stopped small and generating of the heterogeneity of the plasma considered to originate 
in coincidence at the standing wave could be suppressed. As a result of trying the same experiment on various 
discharge conditions, by selecting the ratio of a reflected wave [ as opposed to a progressive wave for bay die 
length ] about to the die length stopped to 10% or less, plasma homogeneity also became possible [ keeping it 
good ], and bay die length was understood also for a reflected wave not re-going up as more than this die length, 
either. 

[0043] Based on the above result, plasma-CVD equipment with array antennas with an exciting frequency [ of 
85MHz ] and a die length [ of a bay ] of 1 .6m was made as an experiment, and quantitive observation with this 
equipment was performed. The bay of an antenna was covered with Teflon (trademark) with a thickness of 
1mm. The gas used for discharge is the mixed gas of SiH4/H2=0.2. Although it was in phase and power was 
supplied to introduction and each antenna element, thickness distribution was very bad as shown in drawing 4 . 
Next, where it shifts 180 degrees of phases of each antenna element at a time, when it experimented by 
changing a membrane formation pressure, as shown in drawing, the homogeneity of the thickness at the time of 
the discharge pressure of 2-3Pa became good. The reflected wave at this time was 3% or less of a progressive 
wave. In addition, the experiment by the pressure not more than this was not completed by constraint on the 
exhaust velocity of equipment. Moreover, when the discharge frequency was lowered, a reflected wave 
increases and the irregularity of thickness ****** came to be seen. That is, even if the geometric die length of 
the bay of an antenna was the same, it was checked that lowering a discharge frequency has effectiveness 
equivalent to shortening the electrical length of bay die length. 

[0044] Next, using array antennas with a die length [ of a bay ] of 1 .6m, the same experiment was conducted in 
the range with a discharge pressure of 0.1-1000Pa, and relation with the graph of drawing 7 -9 was investigated. 
First, the case where the exciting frequency which drives an antenna is 10MHz is considered. According to 
drawing 7 , in a low voltage force field, bay die length of dozens to tens of thousands of meters is required, 
otherwise it is suggested that the ununiformity of the plasma and the increase of a reflected wave by generating 
of a standing wave take place. That is, it was expected that die length of 1 .6m of a geometric bay was probably 
too short. In an actual experiment, discharge was not able to be started in the pressure of lOOPa or less. 
Although discharge occurred when the pressure was raised, the reflected wave was in the condition near total 
reflection large almost in every pressure field. 

[0045] Next, a case with an exciting frequency of 85MHz is considered. In this case, according to the graph of 
drawing 8 , the die length of a 1 .6m bay is located between 0.5 (1/alpha) and 10 (1/alpha) in a l-100Pa pressure 
field, its reflective power is also small, and what the overall length of an antenna will be covered and discharge 
will spread is expected. The actual experimental result was as follows. Although discharge did not occur in 0.1- 
0.6Pa, the discharge plasma occurred in the pressure field beyond it. Near 2-3Pa, the reflected wave was also 
small and the homogeneity of the plasma by visual inspection was also especially good. Although the plasma 
consistency became low by the antenna point near 10 - lOPa of numbers, it is thought that electric antenna 
length was too long as for this. In addition, in the pressure field in which discharge was not able to occur, what 
was not able to fill spark conditions with the power switched on since the collision frequency was small is 
conjectured. 

[0046] The case where an exciting frequency is set to 400MHz is explained. According to the graph of drawing 
9 , by the pressure of about lOPa, while the die length of the bay of an antenna is close by 10 times (1/the alpha) 
and the fall of the plasma consistency in the point of an antenna is predicted, it is expected that a reflected wave 
becomes small. Although such a phenomenon was seen in the discharge pressure field near lOPa as a result of 
the experiment, in the high discharge pressure field, reflection of plasma homogeneity was also small good. In 
any case, by the above, antenna length is die-length La<10 (1/alpha) of a 0.5(l/alpha) < bay. 
It turned out that a reflected wave becomes small and good plasma homogeneity is acquired by selecting the die 
length of ********. 

[0047] Theoretically, an attenuation coefficient changes according to the class of gas, the dielectric constant and 
thickness of the dielectric attached in the size of an antenna, and the perimeter of an antenna, a plasma 
consistency (exciting power), etc. as it understands by the above description. However, in parameter within the 
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limits in which the opti^^^ntenna length did not change extremely^^^use these parameters change, and 
artificers experimented, it was checked that the optimum value of bay die length exists in the upper within the 
limits. 

[0048] The substrate was carried in the both sides of array antennas using the approach of this invention, and 
the a-Si solar battery was made as an experiment. Consequently, the solar-battery property on the substrate 
which the cell with a property equivalent to an parallel monotonous form discharge device was obtained, and 
was put on the both sides of array antennas was almost equivalent. 
[0049] 

[Effect of the Invention] A discharge device with high productivity can be obtained by this invention, and the 
plasma treatment approach that productivity is high is realized by this invention. Moreover, it contributes to 
implementation of a low price solar battery greatly by applying this invention as plasma-CVD equipment for 
manufacturing a solar battery. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 2] 
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1 



1.26x10"* hf — ^— pi 



9^»10» + M3 » 10 V-* 1 

*, Uxio- 3 ; 



10 



20 



30 



fc±0lWEiB«:|fc*f*0>ft$La (m) * 
0. 5 (1/a) <La<10 (1/a) 
t Lfc7 H" 7 y r t trffifflt 5 ^ t 1 5 7*7 

■*-*»fifcU H7W7yrtlc^f*?rMLTX 

^*(-^® $tis«cm-7'9 x-v &mm-r x-7 c v 



2003-109798 



***&**»M^a»5wfc<fcii* 1 8 o° <5imt£it 

Kf-^-r^KW&oit^o. iWTti5i5i;> Si® 

*MK*#*wri::ffi« u mess-atjtjB-oaciiittai 
~<ommmmfc<oifg&£ftx\,^£\,^<D-i&&mms!ik 

ffiW.J3$:fiUx.nZ>mt> tt*£* £ LfcTV^-T-^^-^ffim 

■*-**!* U- K7 H" 7Vr LTX 
£f £jg $ tu 5 X-^ **ijffi-r 5 7" 5 X-=? c V 

Dtttiot, ^>f**-£*r1-S«HK*JBfiJtU 

m^^«*«>f*C*>P>l«l-ffiffi«: 18 0° <3o^k$-& 

(Hz) ^10MHz~4 0 0MHziL, 7°7Xv© 
*lKME««*c£8:*JEE2ip (Pa) i^fto 

T 

1.61x10" 



f 1 



/1.54^jxl0 7 



(m) * 

<J = -2J0 / x 10"* Im[^7] 

7Slfet#l;, SHJil4«*S»B (l/m) 



a = -Im 



6.28/ 



I 



1.26x10" 



K r L7xl0-'J 



^<tt»mJl5i£^^#:<WS$La (m) * 
0. 5 (1/a) <La<10 (1/a) 

[0 0 0 1] 

*fflv\ *-ttfc«*ufc»«:/?X^*38£**3*Sc« 

[0002] 



Tits $nw#$nrv>5*^ 

^-C#2>«^^e^M*^TV^S 0 £7i, 
fc-5o 0iJx.fi, ^^x-f &mW]-?Z>tcib<DMm 
P H 1fcft<-fflW;ft£;4n m£iffix3 4 5&#7*S 

[000 3] Kyi'xyfy^ 

ttafitc-ir ^7 r * t m-£inz * # ^agfcm&M^ 
£• t tz h \z M l , — #<o«Jtt wi« m »* r © 

A^fcS« i SifcWt-kice^tvfcglg b {47° 7 X-v 

[0004] rci o^w-nw-mmny^^^Mmm. 

T*I4, — oeoSteEM*)- L— BL7^7°7X-^$n.g£-r£ 

khz**, mmftia*ffim<Dmm£^i%^vii(om£%f. 
mi&m%iW.i-£m<D!K& ^ot^s. 7 x-v c 

\zMK £ tbtztmifx ^ 7°7 X-7 * ©i^i; i $ 

m±.xf&m\^m\<^htiz>jj*m.bmz^\^\,^m<r>jj*fr 
ic, z\<nmm±<r>mmizmMLx&r$*im-tztztb, 
[0005] &iz, mmnxmitb t h^m&£frz>n 

17*7 Xv«)^-tt^f L < ffiT Lt L*V\ ffiW.<D& 

— ttwiii^^^x-v^a^firptctt, i§?s\ mm.mm± 
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9 6 

r<D7 v cto7 P 7X^^<lftLTL* 

-mmm\zt£z, 0 iwmtem&frb. wiifs omh 

z CDffiJl&Oiir-g-, g*gCQ;*:# £fi0. 3mx0. 3 m 
^PlUli^^-CV^ (U. Kroll et al. , Mat. Res. S 
oc. Syrap. Proc. vol 557 (1999) pl21-126) Q & h\z 

[0006] ^rr\ 7"7Xvi)t>A=XAj)sgtfe 

j*)?ic^**ij^ V H F ^(DiiijgSE Srffl V ^Ti!5i ^9 X-v 
M?rI4r-#51?g^Iro/7XvCVDiSfe^ 

2 3 6 7 8 1 ^mw&m.tt*i?-?y : <7'K&m.m 
mv fttffcmn (¥rww>2 7 8 5 4 4 2^Am m><r>m 

S^ffl^fclie^ill7jS;07'7 x-^ C VDM^ 
[0 0 0 7] 

[^0j7)S«?^:L<t 5 iTf-5!£jli] ±IE^ 

i:^!9tc<<, art, ^m-e%ttwwnmftm\zfe& 
[0008] ^err% &&w%(bii, mm&&mnmiz 

Jlfe^Sb^j^ScD 1/2 i: Lt. m^iO^fefjtbfciffl: 
aic^fi^^aifciirSWfifet-rs^cOT'&S (PCT/ 
J P 0 0/0 6 1 8 9) „ rco^igcOTVx-^-^ 

[0 0 0 9] ^<O^BI*teH:, fc<ST't7> 



( 5 ) 



7 

p. 8 4 1 (2000^9^) rjpf®ffl;ffiS:fflv>fcVHF- 

PECVDSl;i5a-S i : H©*ffi«lgj ) „ L 
««0>£flsfc.fc *) -fy < «»SrS»t 10 

[ooio] #35*114, *»*»5«iat^«*, jrfcsois 

[0 0 1 1 ] 

[0 0 12] *38W©tt«^»4, fc<DX.ot£tem*W 

ix-p*t©r ^^^©tti&^fttfssptT left 5 «t 5 

-fryfti:, -#^IPI-«ifeSfe©^aE*^S:#&«i- 40 
&Mm&mZ. 10MHz~2GHzffe5. 

[0013] ^(D^o tmmRxf®imj3m*%kmirz> 

icfe^xmnfebisxmfy. ^m^cm^xKMvxK 
&WLbtn<o. m'fTWib%.ttmb<n : r-m£X.'9fe&mi± 

CZ>tztbX3bZ> Q Z.<T)7z.tE®L<K>y°7 X-^i$)—fe~-(D%£W 
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8 



[0 0 14] *1\ i©*2«)llHSrftF«fci-5fcit>^, 
#*W#ttfifc^*>t£<oS«:fl§v\ixtf «fc i/^t V 5 3§ffl(- 

teffi (b) t Lfcl^roXW TV^-T-tc^^mgft*- 
&5£ftle:^Lfc *>©-?*> 5. 7^7^21^ 2*© 

a:i»«#^©^8S (#it#2, xn»3b»4) tm 

[0 0 15] HH4tB*&«©»-£- (H15 (a) ) T-f4, & 



SS#2t4, i t«ftgg# 3©*#&«5fc(c&£;h,T 

ns„ (bs (b) ) , «u»# 

2 14, HSS# l(D±%ti:-v(-)-x.m.ffibm&# 3©*:t 

<Dmffi.ttmm*ig&mzU7£i,xmwi-titiK «»w 

«^*t?fcoTtlH«©*g*i:^2) 0 t£oT, IB— » 

•f, «SS (XttttSS) ©®^©^Sr^KW(c«ffiT-# 

©1a;?5iti:lsI1«©^5lfV^^-r5i:#^e,^^5o fiD^. B» 
57 >^-7-^WT-^iti©ffl;*Srttl&-r 5 r i: iz 
it). T^x-T-^^rotiS^ffl^H^iMS-rsri: 

[0 0 16] ^l©Hjg©3feflBi^>Fj-bT(4, 
b (4SiJ©ft«5xlf T'fc?>«&ejSX^©5T^tc t V h 
^foofc, -r**J*>, ^^^^-^©^©igfflT-fc 

5= mffiT^"r-r\^ T^-r<o^mM.bitKnm*m 
mte^>t°-y>'x<Dikffizfri,xmi&£ftXLmmm£> 

ryrtt-fes, r©J: otemmzlrZ^bXT^T-i- 
^^x^mL-tcmm^-^it. frffiicx v m&zn 

x-T-^ffl-rs^^^ofcirr.^, *%l^#b©#W- 
Lfc^Tfi, ESS^t UT©A^Sr^^t>?IRt)f+rt- 



( 6 ) 



[0 0 17] «±£r£ Hk(DX 5fc*«. Tlx 

fttcffio TX^ X^«£<D^J&— ttSrffiJfrT 5 - t &X 
£6 Q r^>^*> 7 K7yfti«:te^ X 

till«t 8 r i K i 9 f «t 5 ^ i * 5. M 

m& t x^ xv t <DftKftm&ftft*:% v ^ fcco-efon 

OA!ti*l->tt 5 Jttf* 1 0%ElTktj:Zks X^XV 

[ooi8] £k±ft s ty—te-?? x^&'&ztcfric, m 

tdST*#5o BP^> 0. 5 (1/a) < La< 1 0 (1 

/a) k-TZZLkKZ^xh. J£tt«*XKttfciH*3 

[0 0 19] d 6 iC^i-J: o 7>7^6 0(7)ii[: 
ttv'— X 6 1 i/5X-7 6 3 t^4LTV^ 0 

LT^£<£>T% 7^7 L ^±S:e»-r5««»^»lS:# 

tt, IBtt^Attft#^?XvJlttftf p ( = a> p / 
(2tc) ) «TTS>S±5*»£\ ffljmX^X-v^ 

ifiv^^X^X-^^^oe^^tt^ii: UT»ft 
5lift$)^ 50 
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[0 0 2 0] *^-C^<©««^oV>T, iE*W*«lf- 

W^MaT't^V^^^-yuK^^X-^igftl • 
ififitli, (l) S;■C^$i^5-^:^<t<*De>i^Tv^5 

(^Jxf^ N Michael ALieberman and Allan J. Lichtenb 
erg, "Principles of Plasma Discharge andMaterials 
Processing", John Wiley & Sons, Inc. 1994 p390) 0 

• • • (1) 

::t\ ctzytm. Kp (2) nx-mztizyy 
(Dmmitmmm. co (=2^) \t-^mmm (mr> 



1-^ 

6> 



(2) 



tt*5* vtt«35fl«*-e*>9, COp ( = 27Tf P ) «X9 

X^a«»«-C*>S 0 ::t\ n^yXVM (m 
- 3 ) -Cfc«9, f P (Hz) =8. 9 8 • n° 5 XtB: 

[0 0 2 1] ^<D£ 5 C«W^»d (= 5 ) 

ftsrtmSo 7yftf^ 



. d 

a 



1 



hi 



(3) 



(4) 



or =-Im[&>VZcj 



[0022] (1) ~ (4) ^.*^fB^-r 

tt«rife*>/jfV»SB-C, M«S»a<7) (4) sCSriS&V^-f 



( 7 ) 



11 

x^KSSr^itLT, a = 3mrJTir LfCo 
t I, c = 7mm^ L/c 0 r tb^ l^Utf>m{fi£fcTte#> 

fz, ^yX-^mmt LT2 x 1 0' 5 (m" 3 ) k<K7£l,tz 0 
^^X^T'&V^^, 1 x 1 0 15 (m' 3 )^h 1 x 1 

ifiiatlt, tt«JE*p (Pa) £{£oT. 

Yp 
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12 



1.26x10 



9.57 x 10 10 + 



1.13x10 



(3' ) 



a = -Im 



10 



6.28/ 



l^xlO^h 



M-1 



9.57x10'° + 



K, \1 X 10"' ) 



6.40x10' 



(5) 



T-^LfCo (5) ^T*li, ¥*Sg*tfSA.m^f+»-r5 

ffi^fiS^itT'line^o *fc, S^fiftiilO, 00 0 

[0 0 2 3] £JUb<£H5££*s< r £K<fc!J, (l')~ 
(4' ) S;S:^< r i755T-#5.o 

S = -210 / x 10-" 1»[V*7] 



(1' ) 



1.61x10" 
Z 1 



1-/1.5 



(2' ) 



4^jxl0' 



0. 5 



^(Dmm^^xrf^^^&^i x l o 1 5 (m" 3 ) 
i&i^ro-e, Sf&ft(;:(4S»r^Si:#5JII»c{4, 4 
0 0MH z £ft5o 

[0025] «±KE-<fc «t 5 Lat4, m 

Z btfXZ&X 9(C«Cofc/J5, (i' ) ~ (4' ) 5t 

[0 0 2 6] T^y-t(DmM^^<DW:^mK 
fc, 7>ftroiSMl0mmJ:na<t5rii 5 I 



... ( 4 > ) 

[0 0 2 4] ®S£3&a£gt5lU t©«sM©«i 
«MfiCf XvA!M ^ lit 5„ 

r-e, ®g«ifccoiSm(c*fLTO. sf&t l oMt 

Jli&3M 5 i OMH z N 85MHzM4 0 0MHz©S 
30 -g-tCot^-Cffi^t LaiWP#^l2!7~9(C^Ufc„ & 

Lair Lt, 

(1/a) <a^g|5cOS$ L a < 1 0 (1/a) 

... (6) 

< &5 tg»->- ^tdiS^/^fcii (O.A.Popov an 
d V.A. Godyak, J. Appl. Phys. 57, 53 (1985) . )#*:# 

^x-7-coa:soiig«, Ti/Ti-wMU&zomizicm 

50 tLt (6) ^e>*»5«5fflf*Jt-*>5. ^coi9(-T 



( 8 ) 



13 

bimm^teZfc. feS^lCfcffl^t, Btt$:J£m*£: 
a^^^>b#!®-r-5 b, WMM<DW&\Z.\^ 1mm 

[oo2 7i jeartBJwas^rv^-^iwwjfteiifttcBB 
at- a - 1 zm^tcAK ^tizmmmzmm-rz ri^ 

[0 0 2 8] *7t, JbxELfcJ; 5f-, T^-TlziQoX 

H) © < t5!'i7*7^f-y^?Oiiftt'«It5t > T 
VftSIOSflfi!, v'-^*Jil)!7'7Xvfi^J^ 
fc^F a 1^1»RW5»t5 r i: lefts. rHtcJ; ct, 

[0 0 2 9] /«£*5, ilfrii^ mUft^ftiCff^S 
[0 0 3 0] *%m<D7 UJT^-rizXthlt, Zz(T>7 



10 



20 



30 



40 
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[0 0 3 1 ] t£*©¥^*E£!<&*M£i£B-C»i, 

[0 0 3 2] -7j, **W©7'5XT«!.3ffi*jfel4» ~* 
«r«*«)K:*S-&U t6-<D\BMW.mfcv>m'& 

zftx^ti^mn-v&zmmy&b u »-<7>iffi»«*#; 

w $ ft T ^ * v MBJ co — 4JS * 5e eft « 7J x » -5 Mh 

•7-*^©iffjiiiitt***s5RTi:*o» 75^0. mm^bm^ 
>"ri-iz&mmx zms ^xn^^mm-?? x^zm 

fcWifcHStflSr 18 0" -5o^tS*T— «jft«c 
CDSTJ^IS® U IIMMl0MHz~2GHzt 

[0 0 3 3] £fctt\ m73l&fl;4ScD(iD^e>|li(-, firffi 

£ 1 8 0° ^oUSgc^bS-frT-^^l^-^iSl^rom^ 

£*&«U IXJl^ f (Hz) 5:1 0MHz~400M 

Hziu ^xvorw*. zmmfflfeWbtkmiz 

f)p (Pa) ir^oT 

1.61x10" 



r,=l- 



f 2 



(m) * 

tf=-2iO/xlO-»Im[ > /^7] 

r-^Ufcirttd, JtS^tliisfta (1/m) 

6.28/ 



flr = -Im 



1.26x10-* h 



(3XIO- 3 ) 



1 9.57x10- + LH^ h f_*_] 



50 »Ct«3B(ffSiiLlS^<*WS$La (m) £ 



o Ti, 



( 9 ) 



151 

0. 5 (1/a) <La<10Tl/a) 

[0 0 3 4] &ftW<n*.mw.Mte. ±m&?£W<n 

7 , 7X7cvDi£i;j;oT > sr^m^mirznwkzm 

[0 0 3 5] fc*s v ^WMic^^X, mfaklt, #7* 
•y 9Vt<r>i><Dh^t£MvkX'fr>Z><, £ibld. ^fg^Sfcm 10 

[0 0 3 6] 

<DT>-^^5R^2;$S£«1 1 (C#faLTiaB£3v ^tl 20 

7 icmm u (m^ims 1 0 1 

-TSfctSrO. 1E1 Tit?> a>3i (2 (6) sfcflSjdtSE-rs «fc 
5> f-<fc *9 ^*^>tiSc 7yft^Iii77py 

(&mmm ^xo^mm,^3x^m^tix^h 0 

[0 0 3 7] T 2 12, SUS, A 1 

[0 0 3 8] 3 tt, iai»«*flc^ffiS:tt«-f 5 <t 

5= mtf. 111 2 (a) K*LfcJ:5^ ®^«&$8KIS 

««*»»t5rtl-J;»), T^-f&ttfaicfeoXX 

1-5&tt{*WJf:${;:J:oTtt, SSSfr^T-^X-^ 
«as*f:*:1-5»-g-#*>5. iro#-e-tc«. Hi 2 (b) 50 
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5o <fc5<^fi, El 2 (c) (ci^-Ti 7yftfi¥ 
<7) iot t R«fttf»»-e0>:/5 X^*«j»ss|Z*&fls 

/«e*s, sswftwffSiasw* («■«) «. 

^ x ^Rtf^a V (MMmm) COm-SO. lmmgg 

[0039] i£fi*l<7>i«;ii&£ x ««<*>7>'f L -*- 
^(C32Si-^-r5^j£i LTI4, «&<7>T ^x^iii 

4B»Sr»!»t-C, ¥»jmx;fci«H»*lo*5#K:{fc*&l, 
[0 0 4 0] Sfd. #3§ 93 fi. i3i;/TtJ: 

5 is^or isj-rm* 2 ^mmmwm^n Lit 
Tu^T^T-rz. $ bizffifeofflmzm-txmmmiz. 
nmi-tcmmt l, #Jiopjftijtc^asfri 1 srise 

V h^±m\C±if 5; t^x-#5> 0 t^t>, 7W7V 
X"7-tS«:P B lS§«ll4 3 0-6 OmmlgtK T*#-5/t 

[0 0 4 1 ] 

11, 0. 5m x 1. 0m, 1. 6 m<D^MWh L, W)U 

/asm so mhz, mns-f) 1 o p a 

coffl^St>' g«ia57'7 X-^©flBft^©«S5SrtTo 
fc rro^l, o. 5mtii, t(4 
T-%/i^ofc„ 1. Om-^li, ftt77Xv#«tLfc 

;rot©7'7Xvicai Lfct iffitftajf A#ifi-c 

SSIfC— : fT< (C : fieoT^7J5#< <CS± 
5^^.*^^^>tLfco — *\ 1. 6m©7yffei±, 

%if*a|-C#**»ofc 0 ^(d, tikm&tJ* 20Pai 
L, l^fllro^ffllSrff ofco rcD^Sm. 0. 5m©7y7 



171 

«*«(ST-r*a**««e>lX^:. :®ffi (2 OP a) T? 

i. osoti. emrorvT^t-ot^Tii, s*f® 
[0 0 4 2] KA±ri»P>, ji^^ftSWifor^^-^roB: 

l 0%J^T(c:fflix.5g$(c:SS-r2)r irtcj; 9, /7X 
tefcJMfrfciffiior. irflSWIBifttK £fc, 

[0043] airofessrsi;, mmmmm. 8 5 mh 
xvcvDia^L, z.<Dmwtx-<Dfem#)t£mm$: 

ffofCc 7yrt©Ii»i)|;j lmm©f7py (3£ 

/H 2 =0. 2<Dm.&tf*-X'hZ> 0 $)£>i£ y &T^7~f- 
m+ tC *fr L T ^{4*1 T**^) £r #y& L 7c ; m 4 iC^ L 7t 

T^^*^-©<fctBS: 18 0' fof P> LfcttUR-Cffctt 

tC x 2 ~ 3 P a <DnW&.t><£>B$<Omm-<£>i%~ 
fto7t„ r<DSS5FOK#«£{3\ ilff^W3%JWTT'fco 

fl*«iiS£;ix7c 0 

[0 0 4 4] ftfc, WMU<n%:& 1. 6mro7KTy 
^-^ffll^T, ifcfl;ffi77 0. l~lO00Pa©|Slf 
P31lro3£3fc£:fTV\ [21 7 ~ 9 co^9 7 i: ©HilSrP^ 

fc. $fei\ rv^fcigiH-sSblfJlifiifcasi omhz 

9, $ fcft^iSft&WlS^iciS/^X^^iSj— b 

fc&miomxtf&z.zz.btfTFVkztiz, 0*9, »{5j 
^w*iffi»a5ro*s 1. emu, m-rg 5 
mzntio m^mrnxi^, 1 0 0 p a wT»ffi^jT'(4 

SScmSrBB*&r5r tiSf#M>cfc 0 £E?7£_L#£-y:-5 

b tkw.tf!kig Ltctf b'^m^mmx'h^m^^ < % 

[0 0 4 5] JJcir, Ebig^$t$:8 5 MH z CD^^Ot^ 
T#^-f5 0 r<o4§-g\ i80/77l:i5i:l. 6m 
<£>jEi|&g|J<D5;*tt\ l~100Pa©E7JWt*0. 5 



(10) ^ W2 00 3- 1 0 9 7 9 8 

m is 

a/a) bio ~ a ) bnmunm.^. K^mts 

S>o7c. 0. 1~0. 6Pam ifcl^igl^o 

it&*:tisi±.<D&t)mmx-te. tkn,-79x-r&&±i* 

tiS^Xvo^-tttM-pfcofc, 10~gl0 

o/tTjs, r*u4, m^ftTvx-T-s^s-rft'fct^^. 

10 ft*is tt«3fts^iE-C*ft*>ofcJE*ffl«T?«:, 

fc-frft *»o t © £ #£$J £ tt5„ 

[0 0 4 6] fibSJS&^Sr 4 0 0 MH z Id Lfei^lCo 
^Ttft^-rSo El9ro^77^J;jx«, 10Pag«© 
ZtlXit. T^T-i-OWMUoA&tf (l/a) O10 

fflSftS. H»0«*, 1 0 PaWfflg!lff*iJSf 

20 7*7Xv)!S|-tt(±MtfcD 1 ifeSWU^^t©-? 
feo7t„ £JLh{C«fc»>, ^furoi^tryrtftt 

0. 5 (l/a) < BJIgPcDS £ L a < 1 0 (l/a) 

wtEBftoi^Sriii^-rsr £T\ Ktti£f4/h£< ft 

[0047] w±o|Ej*-e^5ii9, MiiiftKte. « 

L-^^ L, :K?)© 

HrtT?f4±<Og5fflrtKiB»g8*SW*affl[*s#«Ei-5r 

[0 0 4 8] ^BJ^o^•}£^ffl^^rT^'-rT^7 1 ^-op^ 
«(CSS^»«6LT, a-Si*it)6S:ltR^ r. 

#e>tv, *7t, r u^f r t © wwti!)>jifcSfi± 

[0 0 4 9] 

©7"7XvcVDiIi Lt*^?rafflt5ii:t\ 
{g«*&ft*^S?fh,cD^Jg,(C7ct < 
[HlffiCffl^ftsftBJ] 

[0 1 ] *«W©»«K«ro-«fifcM&*-r*3S«JWrffii 

[0 2] r^^-?-*^<o«riiWSr*-*-«s;Ht?fc5. 
[ii3] ««roa««>isii^fttai^riji**k*i6«sr*i-* 

50 [H4] |&«*}fei:«ff^*<OB8««:SH-^5 7-e*) 



( 11 ) 



19 

[m5] r^T-i-m^m^mKf^m^mm-r^m^m-c 
m7] m^m$L$ki omh z ^^st^t^s^ee 

im9] B)Mm$L$t4 0 OMH z ^JtST^T^ftt 

i xa«, 

3 



4 #r«9 5gL*B, 

5 ^|AP, 

6 MP, 

7 KMtt«*U 

8 [^tt^-^K 
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